AD-A169 783

A_HREELS/TDS STUDY OF THE INTERMEDIATE FORMED BY T 11
REACTION OF C2N2 WITH M2 ON PT(111)(U) CRLIFDRNIR UNIV
IRVINE DEPT OF CHEMISTRY K G LLOYD ET AL. 1 T!—iS

UNCLASSIFIED




&
A
-
It
B
L7
2
.

' %4 g R g

A

S

¥

SRS S AT S L S LM LA L Y A L

"

K EEE

EEEFEEPRETY

[
Il

I

N2

16

14

=

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS - 1963~ *




Yo v 0 b

DAY D

(o' S o,

AD-A169 783

/3«

Unclassified /

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entersd)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
7. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
15
4. TITLE (and Subdtitle) S. TYPE OF REPORT & PERIOD COVERED

A HREELS/TDS Study of the Intermediate Formed by Interim

the Reaction of CZNZ with HZ on Pt(1lll)
6. PERFORMING ORG, REPORT NUMBER

7. AUTHOR(a) §. CONTRACT OR GRANT NUMBER(s)
Kath . Lloyd and J .

athryn G oyd an ohn C. Hemminger NOOO14—-79-C-0648

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::22HCA=OEE\"JEINTTIN.U.M°IJ!!S:' T ASK
Department of Chemistry

University of California

Irvine, California 92717

1. CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE

Office of Naval Research

Department of the Navy 13 NUMBER OF PAGES

800 N. Quincy St., Arlington, CA 22217

‘r'u. DISTRIBUTION STATEMENT (of thia Report)

T4, MONITORING AGENCY NAME & ADDRESS(I! different from Controlling Office) | 18. SECURITY CLASS. (of thie report)

Office of Naval Research Unclassified
Western Regional Office
1030 E. Green Street e R TEAa L CRTon DawNaRAGIHG

Pasadena, CA 91106

Approved for public release: distribution unlimited

17. DISTRIBUTION STATEMENT (of the ebetract entered In Block 20, if diiferent from Report)

18. SUPPLEMENTARY NOTES -

To be published in Surface Science

13. KEY WORDS (Continue on reverse side If necessary and identify by block number)

cyanogen reaction
Pe(lll)
di-imine

Lt {L

20. ABSTYRACT (Continue on reverae slde If nocooldyADul identify by dlock number)

\‘High resolution electron energy loss spectroscopy has been combined with
thermal desorption spectros¢opy to study the intermediate which is formed by
the reaction of CoNy with Hy on Pt(lll). The most likely structure for the
intermediate is a di-imine (HN=CH-CH=NH). The di-imine is formed at 250K
and decomposes to give back cyanogen and hydrogen at 430K,

86 7 14 058

FORM
€01TION OF | NOV 88 Y
DD | an s 1473 ' 's OBsOLETE Unclassified
$/N 0102-LF-014- 6601 SECURITY CLASSIFICATION OF THIS PAGE (When Dara Bntered)

SR SO LN L T N ¥ CR L ATy ") : . T e e e W VTR .

'-_.i ‘e g% . N .I'.'-'.-'-' l. \-'.-.,:'. "‘ ; :'..‘.~1. - Ay e ¢ ‘n' .-'k“'.‘ IO - - . > »
8 M YR A ORI AR VA S (A TR R G Y



OFFICE OF NAVAL RESEARCH

Contract N0O0014-79-C-0648

Technical Report No. 15

A HREELS/TDS Study of the Intermediate Formed by the

Reaction of CZNZ with H2 on Pt(lll)

by
Kathryn G. Lloyd and John C. Hemminger

To be Published
in

Surface Science

F‘Acceqsion For

ETIS o
University of California, Irvine NS L
Department of Chemistry Usinns ]
Irvine, California 92717 7;ﬁ;f“::f? 7
AR —
Be T
Distripee o, 7 7“"{

QuALITY Avai) oo

1NSPECTED

B . e '

1 AV s : - !
IR AN IS ""'l"’-—'!‘

Dist | oo, ‘1

LXF S, !

Reproduction in whole or in part is permitted for
any purpose of the United States Government

*This document has been approved for public release
and sale; its distribution is unlimited

“ e . »~ "

_'. .- {.‘ \.r P W o Lot '.-\‘.-;.r, > o --‘ ,;." C .;-(" '.f\“.- R ~ o ‘\ [ T A ,;.‘
. . h ') X

ial . o . _ma



o L LR R TR T T AT T I I YT

- ; -l N, [t

b Rati*A 0" 2 0r & 2r @ 24 28 ) LN A 2L g a2 Dot on b b N aRA ongs o Ym

A HREELS/TDS Study of the Intermediate Formed by the

Reaction of C2N2 with H2 on Pt (lll)

Kathryn G, Lloyd and John C. Hemminger

Department of Chemistry

University of California

Irvine, California 92717

“%A significant body of work is beginning to appear on the
chemistry of amines and organic cyanides on single crystal tran-
sition metal surfaces in UHV {P~14}7 In particular, the thermal
chemistry of cyanogen (CBN}) adsorbed on single-crystal platinum
surfaces has been examined by a number of authors {3*13i. The
results from studies on Pt(l00) “f4=7], Pt(110) “t8<16i, Pt(lll)
{11,12}, and a stepped Pt surface with Pt(1ll1l) terraceS‘tiSE show
a qualitative insensitivity of ézN; chemistry to the structure of
the underlying platinum surfaces. In all cases just cited,

cyanoggn»is the only desorption product observed. In thermal

—_— -

desorbtion studies, three desorption states are usually observed
(asBys85). The a state, with desorption temperature in the range
370K [Pt(llli] to- 460K [Pt(110)], is believed to arise from
molecularly adsorbed C,N,. The 8 states desorb at much higher
temperatures and are often not resolvable. The B, state desorbs
in the range 680-690K, while the 8, state desorbs at 750-870K.
There is evidence that the presence of strongly-bonded oxygen in
the Pt (possibly associated with impurities) has an affect on the

B state desorption behavior [14].
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Recent work from this laboratory showed that when Hz is

coadsorbed with C,N, on Pt(111) the a state of C,N, is partially
hydrogenated (12]. The partially hydrogenated surface species
decomposes to give back C,N, + H, at +430K, Since this temp-
erature is well above the desorption temperature of the CoNy @
state from Pt(111) this decomposition results in a sharp C2N2
desorption feature. The same desorption feature at 430K is
observed in the decomposition of ethylenediamine
(H2N-C82-CH2-NH2) on Pt(lll). The thermal decomposition of
partially deuterated ethylenediamine (H,N-CD,-CD,~NH,) was used
to show that the initial removal of H from the nitrogen atoms

12

occurs before the breaking of the C-D bonds. On the basis of

those results we speculated that the intermediate formed by
coadsorption of H, and C2N2 and the decomposition of ethylene-
diamine is the ethylenedinitrene (N-CH2-CH2-N). However, it was
recognized that the thermal decomposition data was not definitive
since a major competing decomposition channel for ethylenediamine
results in HCN as product. Also, in the decomposition of
HzN-Coz—CDZ-NH2 the tail of the hydrogen desorption peak extends
up to 430K (the temperature of CoN,) evolution. Clearly, spec-
troscopic ideﬁtifiCation of the intermediate formed from H, +
C,N, is desirable.

In this manuscript we report HREELS studies of the surface
intermediate formed by the coadsorption of H, and CZNZ‘ The
HREELS data combined with TDS results show that the species
formed is indeed a partially hydrogenated species with C-H bonds,

and is most likely the diimine species HN=CH-CH=NH.




The experiments described here were conducted in an ultra-
high vacuum chamber equipped with a 127° single-pass monochro-
meter, single-pass analyzer HREELS spectrometer, a cylindrical
mirror analyzer for Auger electron spectroscopy, a quadrupole
mass spectrometer used for thermal desorption spectroscopy and an
ion gun for sputter cleaning of the sample. The HREELS experi-
ments, TDS experiments and Auger experiments were controlled by
an IBM PC computer with Tecmar Labmaster interface board. The Pt
crystal was spark cut from a Pt rod obtained from AREMCO. The

surface orientation was within 2° of the (111) surface. The

crystal was cleaned by standard procedures of Art ion bombara-
ment, oxygen treatments and annealing ([12,14].

Figure la shows the thermal desorption spectrum of C2N2
following adsorption on the clean Pt surface. The a and 8 states
are clearly recognized. The a state desorption occurs at 360K.
Figure 1lb shows the C2N2 thermal desorption following coadsorp-
tion of 10 Langmuir H, and 0.3 Langmuir of C,N,. The o state has

been completely replaced by the new state at 430K. The new tate

at 430K corresponds to the decomposition of the surface species
which is the subject of this manuscript. The TDS results shown
in Figure 1 aée in complete agreement with earlier results in the
literature (9].

Figures 2a and 2b show the HREELS spectra obtained following
the coadsorption of H, and C,yN, (fEigure 2a) and D, and C2N2
(figure 2b) at 273K. Three loss peaks are evident in the H2 +

1

CzN2 spectra, at 1450 cm -, 1560 cm-l and 3350 cm-l. The peak at

) -
2 3350 cm 1 is thought to be overlap of the C-H and N-H stretch
v
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modes. This frequency is too high to correspond to a N-CH,-CH ,-N
species which should have a C-H stretch at «»2900-3000 cm-l.
However, it would fit well with a NH=CH-CH=NH species (a di-

1

imine). The modes at 1450 cm™ ) and 1560 cm~! are taken to be the

H-CN bend and the C=N stretch respectively. Since these modes
are observed to be close in frequency, it is expected that they
will be heavily mixed. The C=N stretch frequency of +1560 cm'l
would correspond to a CN bond order slightly below 2. A possible

structure consistent with the spectra in figure 2a is:

H H
\ /
c—C
4 \
H—N N—H
I

Figure 2b shows the spectra obtained from D, + C,N, coadsorp-

1

tion. The C-D mode is observed at 2460 cm =~ and the C=N stretch

has shifted to 1450 cm™!. The D-CN bending vibration is believed

to be shifted to low enough frequency so that it is obscured by

the tail of the elastic beam in these experiments.

Since we do not expect to be able to resolve the CH and NH
stretch modes of a di-imine species we do not have direct evi-
dence of the existence of NH bonds in the surface intermediate.

Thus a species such as II would also match our spectroscopic
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We favor the di-imine structure (I) since it is a known, stable,

16 Careful spectro-

ligand in several organometallic complexes.
scopic studies of the decomposition of the deuterated ethylene-
diamines (NHZCchozuﬂz, NDZCHZCHZNDZ) may shed light on this
point. Experiments along this line are underway at present but
initial results indicate that they are complicated by the co-
existence of multiple species on the surface.

It should be pointed out that the spectra of figure 2 could
also be obtained from a side-bonded HCN species in which the CN
bond order was reduced due to the interaction with the Pt. This
model can be ruled out, however, based on the TDS results follow-
ing direct adsorption of HCN on Pt(1lll). When HCN is adsorbed on
Pt(111), thermal desorption experiments produce C2N2 desorption

but only in the 3 states at temperatures above 600K (3]. HCN

adsorption on Pt{l1ll) does not produce any surface species which

leads to C2N2.desorption at 430K (the decomposition temperature
of the surfacé intermediate of interest here).

To show that the HREELS spectra of Figure 2 indeed correspond
to the surface intermediate in question (which decomposes at
430K) we have followed the temperature dependence of the spectra.
In these experiments 02 and CZNZ were coadsorbed at »220K.

Initial HREELS spectra at that temperature showed no evidence of

the intermediate. A series of annealing experiments were then
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carried out. The sample was rapidly warmed to a higher tempera-
ture, held there for 10 seconds, and then allowed to cool back to
220K at which time another spectra was obtained. This was car-
ried out for successively higher annealing temperatures. Figure
3Ja shows that the intermediate begins to form at «»250K and the
reaction is complete by 273K. Figure 3b shows another set of
spectra starting with adsorption at 273K and annealing to higher

temperature. The intermediate appears to be stable to near »~410K

at which point decomposition appears to have started. The inter-
mediate is completely gone by »430K. This corresponds well with
the TDS behavior shown in figure 1b.

The HREELS and TDS data indicate that a surface intermediate
is formed when H2 and C2N2 are coadsorbed on Pt(l1ll). The inter-
mediate is a partially hydrogenated species in which one hydrogen
has been attached to each carbon and nitrogen of the C2N2. The
di-imine species is formed at »250K and decomposes to give back
C2N2 + H, at +430 K. This intermediate is also observed as the
final step in one channel of the dehydrogenation of ethylene-
diamine on Pt(111) (12]). It is important to point out the com-
plementary nature of the HREELS and TDS results. The HREELS data
by itself canﬁot be used to rule out surface HCN as the inter-

mediate. However, the TDS results clearly rule this out.
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Figure 1

Figure 2

Figure 3

Figure Captions

Thermal desorption spectra monitoring mass 52 inten-
sity vs sample temperature. (a) following a 0.3
Langmuir exposure of CoNy; to a clean Pt surface. (b)
following exposure of 0.3 Langmuir of C2N2 to a Pt

surface which had been preexposed to 10. Langmuir Hz.

HREELS spectrum obtained after coadsorption of (a) H2

2 2 and 02N2 at 273K. In each case a

preexposure of 10. Langmuir Hz/D2 was followed by an

and C2N and (b) D

exposure of 0.3 Langmuir CZNZ'
HREELS spectra following successively higher surface

annealing temperatures. The spectra in (a) were

obtained at 220K following adsorption at 220K and

"annealing to the indicated temperature. The spectra

in (b) were obtained at 273K following adsorption at

273K and annealing to the indicated temperature.
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